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This document has been prepared by Parsons Brinckerhoff^or the Cal¬ 
ifornia High-Speed Raii Authority and for appiication to the Caiifornia 
High-Speed Train Project. Any use of this document for purposes other 
than this Project, or the specific portion of the Project stated in the doc¬ 
ument, shaii be at the soie risk of the user, and without iiabiiity to PB for 
any iosses or injuries arising for such use. _ 
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ABSTRACT 

The purpose of this technical memorandum is to review standards and best practices to provide 
criteria for the traction eiectrification system (TES) grounding and bonding requirements and for 
protection against eiectric shock for the Caiifornia High Speed Train Project to: 

• Provide a generai system description and define the generai topics of the TES grounding 
and bonding requirements and provisions for protection against eiectric shock 

• Define the traction power suppiy system (TPS) generai grounding and bonding require¬ 
ments 

• Define the overhead contact system (OCS) generai grounding and bonding requirements 

• Define the passenger station piatform grounding and bonding requirements 

• Define the structure grounding and bonding requirements. 

• Define the overhead bridge protection and bonding requirements 

• Define the requirements for protection against eiectric shock 

• Provide the summary and design criteria for TES grounding and bonding requirements 

• Provide the summary and design criteria for TES provisions for protection against eiectric 
shock 

Deveiopment of the design criteria for the Traction Eiectrification System wiii inciude review and 
assessment of, but not be iimited to, the foiiowing: 

• Existing FRA, State of Caiifornia Generai Orders, NESC, IEEE, NFPA, ASTM, AISC, 
CBC, TSI, lEC and EN guideiines where appiicabie. 

• Existing internationai standards, codes, best practices and guideiines used for existing 
High Speed Line Systems and appiicabie for the Traction Eiectrification System for appii- 
cabiiity to the CHSTP. 

• Other existing internationai standards, codes, best practices and guideiines appiicabie for 
the Traction Eiectrification System. 

The current design practices for high-speed traction eiectrification systems, presentiy in operation 
throughout the worid, are considered in the deveiopment of the Traction Eiectrification System for 
the CHST project. 
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1.0 INTRODUCTION 

1.1 Purpose of Technical Memorandum 

The purpose of this technical memorandum is to review standards and best practices to provide 
criteria for the traction eiectrification system grounding and bonding requirements for the Caiifor- 
nia High Speed Train Project to: 

• Provide a generai system description and define the generai grounding and bonding re¬ 
quirements of the traction eiectrification system and provisions for protection against 
eiectric shock 

• Define the traction eiectrification system (TES) grounding and bonding requirements for 
the Caiifornia High Speed Train Project (CHSTP) 

• Define the structure grounding and bonding, passenger station grounding and bonding, 
and bridge protection screening and barrier requirements for the Caiifornia High Speed 
Train Project (CHSTP) 

• Define the requirements for protection against eiectric shock 

This memorandum presents data reiating to the design of the traction eiectrification system 
grounding and bonding requirements that must be satisfied. Where avaiiable, it is based on 
present U.S. Federai and State Orders, guideiines, and practices. Document searches were 
conducted to identify definitive criteria to be used for the CHSTP appiication and, in some cases, 
data were not avaiiabie. Present practices for high speed raiiways were reviewed and used to 
define criteria for the CHST project that are incorporated in this memorandum. 

It is anticipated that the design wiii be advanced consistent with appiicabie codes of practice, de¬ 
sign guideiines and other information that define the CHSTP programmatic, operationai, and per¬ 
formance requirements. 

Foilowing review, specific guidance in this technicai memorandum wiii be excerpted for inciusion 
in the CHSTP Design Manuai. 
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1.2 Statement of Technical Issue 

The high speed traction eiectrification system is 2x25 kV ac autotransformer feed system with the 
overhead contact system and paraiiei “negative” feeders both powered at high voitage 25 kV but 
at opposite phase poiarity. Eiectricai ground fauits, short circuits, iightning, and transients can 
occur in traction power suppiy and distribution systems. Grounding systems are intended to heip 
ciear fauits in the quickest possibie manner by providing a iow impedance path for fauit currents. 

In addition to the issue of eiectricai fauits, other technicai items reiated to the requirements of 
ciearances and the provision of protective screening and barriers must be defined for the design, 
construction and testing to provide personnei safety, and to protect equipment and structures, so 
that the designed system meets the requirements for safe operation with maximum reiiabiiity and 
maintainabiiity. 


1.3 General Information 
1.3.1 Definition of Terms 


The foiiowing technicai terms and acronyms used in this document have specific connotations with regard 
to Caiifornia High Speed Train system. 


Authority: 

Authorized Person : 

Autotransformer: 


Cantiiever: 


Catenary: 


Contact Wire: 


Caiifornia High-Speed Raii Authority 

Any person, who has been authorized by the Authority to enter restricted areas of 
the property 

Apparatus which heips to boost the OCS voitage and reduce the running raii re¬ 
turn current in the 2x25 kV autotransformer feed configuration. It uses a single 
winding having three terminals. The intermediate terminal located at the mid¬ 
point of the winding is connected to rail and the two outer terminals are con¬ 
nected to the catenary and (negative) feeder wires. 

A frame for supporting and registering the OCS conductors, often including solid 
core insulators; for auto tensioned systems, the cantilever connections at the 
pole are hinged to accommodate along track movement of the conductors, the¬ 
reby allowing the end of the cantilever away from the pole to swing. 

Mathematical term to describe the shape of a cable sagging under its own un¬ 
iformly distributed weight and used in railroad electrification to describe a system 
consisting of two or more conductors, hangers and in-span hardware of an over¬ 
head contact system, excluding supports. 

A solid grooved overhead electrical conductor in an Overhead Contact System 
with which the pantograph of electric trains makes contact to collect the electrical 
current. 


Height of the underside of the contact wire above top or rail level when not up¬ 
lifted by the pantograph of an electric train. 

A buried wire or a configuration of wires that provide a low resistance path to 
grounded systems. 

A no-load interrupting electrical switch for disconnecting electrical power from a 
line section. 

A current carrying electrical connection between the OCS and a traction power 
facility (SS, SWS or PS). 

A buried grid for installations, such as substations and disconnect switch plat¬ 
forms, which provides a low resistance path to ground and reduces touch-and- 
step potentials for operators of the equipment. 

Ground Potential Rise (OPR) : The maximum electric potential that a substation grounding grid may attain 

relative to a distant grounding point assumed to be at the potential of remote 
earth. The GPR is equal to the maximum grid current times the grid resistance to 
earth. 

Ground Rod : A metal rod with ground wire connection driven into the ground to disperse cur¬ 

rents. 


Contact Wire Height: 

Counterpoise: 
Disconnect Switch : 

Feeder: 

Ground Grid (Mat): 
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Ground Wire: 

Grounded: 


Impedance Bond: 


Live : 

Messenger Wire: 

Negative Feeder : 


Neutrai Section: 


A conductor instaiied for the purpose of providing eiectricai continuity between 
the supporting structures of the overhead contact system or transmission iines 
and the grounding system. 

Connected to earth through a ground connection or connections of sufficientiy 
iow impedance and having sufficient current-carrying capacity to iimit the buiid-up 
of voitages to ieveis beiow that which may resuit in undue hazard to persons or 
to connected equipment. 

An electrical device located between the rails consisting of a coil with a center 
tap used to bridge insulated joints in order to prevent track circuit energy from 
bypassing the insulated joint while allowing the traction return current to bypass 
the insulated joint. The center tap can also be used to provide a connection from 
the rails to the static wire and/or traction power facilities for the traction return 
current. 

An eiectricaiiy energized circuit or component. 

The wire from which the contact wire or auxiiiary messenger is suspended by 
means of hangers in a catenary OCS. 

The negative feeder is an overhead conductor supported on the same structure 
as the OCS, and is at a voitage of 25 kV with respect to ground but 180° out-of- 
phase with respect to the voitage on the OCS, i.e., the voitage between the OCS 
and the negative feeder is 50 kV nominai. The negative feeder connects suc¬ 
cessive feeding points, and is connected to one terminai of an autotransformer in 
the traction power faciiities via a circuit breaker or disconnect switch. At these 
faciiities, the other terminai of the autotransformer is connected to a catenary 
section or sections, via circuit breakers or disconnect switches. 

An arrangement of insuiators and grounded or non-energized wires that is io- 
cated between two sections of OCS that are fed from different phases or at dif¬ 
ferent frequencies or voitages, under which a pantograph may pass without 
shorting or bridging the phases, frequencies or voitages. Also see Phase Break. 


Overhead Contact Line Zone and Pantograph Zone: The zone whose iimits, in generai, are not exceeded 

by a broken overhead contact iine in the event of dewirement or by a damaged 
pantograph or broken fragments thereof which are energized. 

Overhead Contact System (OCS): It comprises the aeriai suppiy system that deiivers 25 kV traction pow¬ 
er from substations to the pantographs of high-speed eiectric trains, comprising 
messenger and contact wires, their associated supports and structures (inciuding 
poies and foundations), manuaiiy and/or motor operated isoiators, insuiators, 
phase breaks and neutrai-sections, auto-tensioning devices, and other overhead 
iine hardware and fittings. 

Paraiiei Feeder: _ See Negative Feeder. 

Paraiieiing Station (PS): An instaiiation which heips to boost the OCS voitage and reduce the running raii 
return current by means of the autotransformer feed configuration. The negative 
feeders and the catenary conductors are connected to the two outer terminais of 
the autotransformer winding at this iocation. OCS sections can be connected in 
paraiiei at PS iocations. 

Phase Break: An arrangement of insuiators and grounded or non-energized wires that is io- 

cated between two sections of OCS that are fed from different phases or at dif¬ 
ferent frequencies or voitages, under which a pantograph may pass without 
shorting or bridging the phases, frequencies or voitages. Also see Neutral Sec¬ 
tion. 

Power Transformer: A device which transforms power on an ac system from one voitage ievei to 

another (e.g., from 115 kV to 25 kV). 

Pubiic Area : An area where the pubiic is permitted and to which the pubiic has unrestricted 

access. 


Raii Return : The combination of track structure, jumpers, impedance bonds, grounds and 

cabies that provide part of the eiectricai return path from a train to a substation. 
Restricted Areas : An area for which a raiiroad agency has responsibiiity and to which access is 

permitted oniy to authorized persons. 
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All conductors which form the intended path for the traction return current. The 
conductors may be of the foiiowing types: 

• running raiis 

• static wires 

• negative feeders 

• raii and track bonds 

• earth 

A grounded wire instaiied adjacent to or above the OCS on the same support 
structures and eiectricaiiy connected to the structures, which forms part of the 
traction power return circuit and is connected to the running raiis at periodic in- 
tervais. 

The difference in surface potentiai experienced by a person bridging a distance 
of 1 m (3’- 3”) with the feet without contacting any ground object. 

An eiectricai instaiiation where power is received at high voitage from the utiiity 
power suppiy network and is transformed to the voitage and characteristics re¬ 
quired for the OCS and negative feeders for the nominai 2x25 kV system, con¬ 
taining equipment such as transformers, circuit breakers and sectionaiizing 
switches. 

Switching Station (SWS): An instaiiation at which eiectricai energy can be suppiied to an adjacent, but 

normaiiy separated eiectricai section during contingency power suppiy condi¬ 
tions. It aiso acts as a PS. 

Traction Eiectrification System (TES): The combination of the traction power suppiy system (TPS), the 

overhead contact system (OCS), and the traction power return system (inciuding 
the negative feeders), together with appropriate interfaces to the supervisory 
controi and data acquisition (SCADA) system, that forms a fuiiy functionai 2x25 
kV ac traction power suppiy system, and which provides the eiectricai traction 
power to the eiectricaiiy powered vehicies on the CHSR raiiway iine. 

Traction Power Faciiities (TPF): A generai term that encompasses substations (SS), switching stations 

(SWS) and paraiieiing stations (PS). 

Traction Power Suppiy System (TPS): The raiiway eiectricai distribution network used to provide energy 
to high-speed eiectric trains, which comprises of the foiiowing three types of trac¬ 
tion power faciiities in addition to connections to the OCS and the traction return 
and grounding system, inciuding the negative feeders: 

1. Substations (SS): An instaiiation at which power is converted from high voi¬ 
tage to a nominai 2x25 kV raiiway traction voitage and distributed to the Over¬ 
head Contact System (OCS) and the negative feeders, inciuding incoming high 
voitage (115/230 kV) suppiies from the power utiiity suppiy network, 

2. Switching stations (SWS): An instaiiation at which eiectricai energy can be 
suppiied to an adjacent, but normaiiy separated eiectricai section during contin¬ 
gency power suppiy conditions. It also acts as a PS, 

3. Paralleling stations (PS): An installation which helps to boost the OCS voltage 
and reduce the running rail return current by means of the autotransformer feed 
configuration. The negative feeders and the catenary conductors are connected 
to the two outer terminals of the autotransformer winding at this location. OCS 
sections can be connected in parallel at PS locations. 

Traction Power Return System: The traction return and grounding system, through which traction current 

is returned from the wheel-sets of traction units to the substations, and the 
means of grounding for the electrified railway track, comprises the running rails, 
negative feeders, aerial static wires (and buried ground conductors), together 
with all return current bonding and grounding inter-connections. 

Touch Voltage : The potential difference between the ground potential rise (GPR) and the surface 

potential at the point where a person is standing while at the same time having a 
hand in contact with a grounded structure. 

Wayside Power Cubicle (WPG): An enclosure for power supply equipment for operation of motorized dis¬ 
connect switches and the associated SCADA equipment located at the wayside. 


Return Circuit: 


Static Wire: 

Step Voltage : 
Substation (SS): 
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Acronyms 


AAR 

Association of American Raiiroads 

AREMA 

American Raiiway Engineering and Maintenance of Way Association 

ac,AC 

Aiternating Current 

CFR 

Code of Federai Reguiations 

CHSRA 

Caiifornia High-Speed Raii Authority 

CHST 

Caiifornia High-Speed Train 

CHSTP 

Caiifornia High-Speed Train Project 

CPUC 

Caiifornia Pubiic Utiiities Commission 

dc,DC 

Direct Current 

EMI 

Eiectromagnetic Interference 

EN 

European EuroNorm Standards 

FRA 

Federal Railroad Administration 

GO 

General Order 

HSR 

High Speed Rail 

lEC 

International Electrotechnical Commission 

IEEE 

Institute of Electrical and Electronics Engineers 

NESC 

National Electrical Safety Code 

OCS 

Overhead Contact System 

PS 

Paralleling Station 

PUC 

Public Utilities Commission of the State of California 

SS 

Traction Power Substation 

SWS 

Switching Station 

THSRP 

Taiwan High Speed Rail Project 

TSI 

Technical Specification for Interoperability of European High-Speed Lines 

UlC 

International Union of Railways (Union Internationale des Chemins de Per) 

1.3.2 Units 



The California High-Speed Train Project is based on U.S. Customary Units consistent with guide- 
iines prepared by the Caiifornia Department of Transportation and defined by the Nationai Insti¬ 
tute of Standards and Technoiogy (NIST). U.S. Customary Units are officiaiiy used in the United 
States, and are aiso known in the U.S. as “Engiish” or “Imperiai” units. In order to avoid any con¬ 
fusion, aii formai references to units of measure shouid be made in terms of U.S. Customary 
Units. 
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2.0 DEFINITION OF TECHNICAL TOPICS 

2.1 General 

Design criteria and other specific requirements reiated to TES grounding and bonding require¬ 
ments and provisions for protection against eiectric shock must be defined for the design, pro¬ 
curement, construction design, and construction and testing of the CHSTP to provide a TES 
grounding and bonding system that minimizes the hazards of eiectric shock and provides for safe 
operation, with maximum reiiabiiity and maintainabiiity. 

2.2 Laws, Codes and Standards 

2.2.1 North American recommended practice and iegal requirements in California 

AREMA Manual for Railway Engineering 

The primary orientation of the American Raiiway Engineering and Maintenance of Way Associa¬ 
tion Manuai for Raiiway Engineering (AREMA Manuai) is to provide guidance for the engineering 
of raiiroads moving freight at speeds up to 80 mph (FRA Ciass 5 track) and passenger trains at 
speeds up to 90 mph with the exception of the stiii incompiete Chapter 17, High-Speed Raii Sys¬ 
tems. 

The materiai presented in the AREMA Manuai varies considerabiy in ievei of detaii and appiicabii- 
ity to the CHSTP. Therefore, a reference to the AREMA Manuai without a more specific designa¬ 
tion of appiicabie chapter and section is not sufficient to describe any requirement. 

When using the AREMA Manuai, the statement at the beginning of each chapter wiii assist in un¬ 
derstanding the scope, intent, and iimitations of this document. 

“ The material in this and other chapters in the AREMA Manual for Railway Engineering is 
published as recommended practice to railroads and others concerned with the engineer¬ 
ing, design and construction of railroad fixed properties (except signals and communica¬ 
tions), and allied services and facilities. For the purpose of this Manual, RECOM¬ 
MENDED PRACTICE Is defined as a material, device, design, plan, specification, principle 
or practice recommended to the railways for use as required, either exactly as presented 
or with such modifications as may be necessary or desirable to meet the needs of individ¬ 
ual railways, but in either event, with a view to promoting efficiency and economy in the 
location, construction operation or maintenance of railways. It is not intended to imply that 
other practices may not be equally acceptable.’’ 

Legal requirements in California 

The requirements of Caiifornia PUC Generai Orders shaii govern regardiess of iesser dimensions 
in other standards or guideiines. Legai minimum ciearances around raiiroad tracks in Caiifornia 
are defined in PUC GO 26-D and iegai ruies for Overhead Eiectric Line Construction are defined 
in PUC GO 95. However, the iatest issue of PUC GO 95 is not appiicabie to 25 kV traction eiec- 
trification systems and wouid need to be amended to cover the construction and operation of 25 
kV eiectrification systems. 

2.2.2 CHSTP Design Criteria for TES Grounding and Bonding Requirements 

Design criteria for the CHSTP are under deveiopment. When compieted, a CHSTP Design Man¬ 
uai wiii present design standards specificaiiy for the construction and operation of high-speed 
raiiways based on internationai best practices and present US Federai and State standards and 
codes. Initiai high-speed raii design criteria wiii be issued in technicai memoranda that provide 
guidance and procedures to advance the design of project specific eiements. Criteria for design 
eiements not specific to HSR operations wiii be governed by existing appiicabie standards, iaws 
and codes. 
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The development of the CHSTP design criteria appiicabie to the TES grounding and bonding re¬ 
quirements and provisions for protection against eiectric shock are based on a review and as¬ 
sessment of avaiiabie information, inciuding the foiiowing: 

• AREMA Manuai for Raiiway Engineering 

• Caiifornia Pubiic Utiiities Commission Generai Orders 95 

• Amtrak guideiines and present practices 

• Federai and State Orders guideiines and present practices 

• Taiwan High Speed Raii Contract (THSRC) guideiines and present practices 

• Caitrain Design Criteria (Aprii 15, 2007) 

• Energy Technicai Specification for Interoperabiiity of European High Speed Raii System 

• EN 50119:2001 

• EN 50122-1:2001 

• EN 50124-1:2001 

• lEC 60479: Effects of Current on Human Beings and Livestock - Part 1 Generai Aspects 

• IEEE Std 80: IEEE Guide for Safety in AC Substation Grounding 

• IEEE Std 81: IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System (Part 1) 

• IEEE Std 81.2: IEEE Guide for Measurement of Impedances and Safety Characteristics 
of Large Extended or Interconnected Grounding Systems (Part 2) 

• IEEE Std 142: IEEE Recommended Practice for Grounding of Industrial and Commercial 
Power systems (IEEE Green Book) 

• IEEE Standard 837: IEEE Standard for Qualifying Permanent Connections used in Subs¬ 
tation Grounding 

• IEEE Standard C2: National Electrical Safety Code (as applicable) 

• NFPA Standard 70: National Electrical Code (as applicable) 

• NFPA Standard 780: Standard for Installation of Lightning Protection Systems 

• Other existing international standards, codes, best practices and guidelines used for ex¬ 
isting High- Speed Line Systems and applicable to the TES requirements for application 
to the CHSTP. 

The CHSTP design standards and guidelines may differ from local jurisdictions’ codes and stan¬ 
dards. In the case of differing values, conflicts in the various requirements for design, or discre¬ 
pancies in application of the design guidelines, the standard followed shall be that which results in 
the highest level of satisfaction for all requirements or that is deemed to be the most appropriate 
by the California High-Speed Rail Authority. The standard shall be followed as required for secur¬ 
ing regulatory approval. 
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3.0 ASSESSMENT / ANALYSIS 

3.1 General 

The purpose of this section is to provide criteria for the design of grounding and bonding systems 
that wiii: 

• Minimize the possibiiity of persons in the vicinity of grounded eiectricai faciiities being ex¬ 
posed to unsafe touch and step potentiais. 

• Provide the means to carry eiectric currents into the earth under normai and fauit condi¬ 
tions without exceeding any operating and equipment iimits or adverseiy affecting conti¬ 
nuity of service. 

• Provide guidance for estabiishing protection against eiectric shock by means of suitabie 
ciearances or by the instaiiation of protective barriers or screens. 

• The grounding and bonding for train controi and communications is described in the 
“Grounding and Bonding for Train Controi and Communications” Technicai Memoran¬ 
dum (TM 3.3.4). 

• Where insuiated cabies are used within the TES, they shaii be specified and manufac¬ 
tured in accordance with the appropriate eiectricai standards that are appiicabie to the 
working environment - voitages, operating and fauit currents - to which they wiii be sub¬ 
jected. 

The traction return current causes a voitage rise in the running raiis, due to the impedance of the 
raiis, resuiting in a voitage between the running raiis and the surrounding ground or other 
grounded metaiiic parts (touch voitages). These touch voitages need to be iimited to acceptabie 
vaiues. Hazards due to touch voitages shaii be minimized by means of adequate grounding and 
bonding measures. 

Eiectricai ground fauits, short circuits, lightning, and transients can occur in traction power suppiy 
and distribution systems. Grounding systems are intended to heip ciear fauits in the quickest 
possibie manner by providing a iow impedance path for fauit currents. 

In addition to grounding and bonding for safety reasons, grounding and bonding contributes to the 
proper functioning and performance of communications, train controi, and other eiectronic sys¬ 
tems. 

TES grounding and bonding requirements described in the foiiowing sections are mainiy based 
on American standards and guideiines appiicabie to the CHSTP traction eiectrification system 
and were deveioped aiong with the CHSTP characteristics and appiicabie design criteria. Based 
on those data, the foiiowing requirements are considered as guiding criteria for grounding and 
bonding of the traction eiectrification system of the CHSTP. These criteria do not inciude re¬ 
quirements for grounding and bonding specific to train controi and communications systems 
which are presented in TM 3.3.4: Grounding and Bonding Requirements for Train Controi and 
Communications. 

It is essentiai, however, that the grounding and bonding requirements for the eiectric traction sys¬ 
tem are coordinated with the grounding and bonding requirements for train controi and communi¬ 
cations as weii as other systems inciuding but not iimited to the eiectric distribution system. 

3.2 General Traction Electrification System Grounding 

As indicated in TM 3.1.1.1, a 2x25 kV Autotransformer Feed System has been seiected for 
CHSTP. The 2x25 kV Autotransformer Feed System utilizes traction power substations (SS) with 
main power transformers, and switching stations (SWS) and paraiieiing stations (PS), both with 
autotransformers, which provide 25 kV (nominai) voitage to the Overhead Contact System (OCS) 
with respect to raii/ground and aiso 25 kV to the aiong-track negative feeders with respect to 
rail/ground, with a phase difference between them of 180°. Accordingiy, there is a voitage differ¬ 
ence of 50 kV (nominai) between the OCS and the negative feeders. The negative feeders are 
used as the main portion of the return circuit path to increase the spacing of traction power subs¬ 
tations, to minimize EMI effects, and to reduce the return current flowing in the running rails (see 
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Figures 6 and 7 of TM 3.1.1.1). The return circuit aiso consists of the static wire, the running 
raiis, cabie connections from static wire/running raiis to the traction power faciiities, and the earth. 
The static wire is connected at reguiar intervais to the running raiis, via impedance bonds, and to 
the (grounded) center tap of the secondary winding of each traction power transformer and the 
(grounded) center tap of the winding of each autotransformer. The static wire runs aiongside the 
catenary to inter-connect the OCS supporting structures and brackets, such that aii normaiiy non- 
current carrying metaiiic supports of the OCS are at the same ground (and track) reference po- 
tentiai. 

In addition to the grounding of the poies and support brackets through the static wire, the raiis are 
aiso connected to the static wire through impedance bonds near substations, switching stations, 
and paraiieiing stations. Additionai periodic connections between the static wire and the raiis 
through impedance bonds may be needed, based on the traction power ioad fiow simuiation re¬ 
suits reiated to the touch/step potentiai anaiysis. The spacing of these inter-connections to the 
raiis must be coordinated with the operating requirements of the signaiing system. 

3.3 General Traction Power Supply System Grounding 

The grounding system for each traction power faciiity (TPF) shaii generaiiy comprise a ground 
grid consisting of grounding conductors instaiied horizontaiiy in a grid. To minimize the danger of 
high step and touch voitages at the earth ‘s surface, the grid shouid be instaiied at shaiiow depth 
[usuaiiy 12-18 inches (0.3-0.5 m)] beiow grade, as stipuiated in IEEE 80-2000, Section 9.2. A 
continuous ioop of the grounding conductors shouid surround the perimeter of the TPF, to which 
the TPF fence shouid be bonded at frequent intervais, and within this ioop the conductors shouid 
be iaid in the form of a grid. At the cross-connections, the conductors shouid be secureiy bonded 
together. Ground rods shouid be instaiied at grid corners, at junction points aiong the perimeter, 
and at major equipment iocations with the ground rods being driven verticaiiy into the ground to a 
depth of not iess than 8 feet (2.44 m). Horizontai ground rod configurations may be required 
where subsurface rock or other obstructions interfere with the piacement of verticai ground rods. 
The ground conductors shaii be secureiy bonded to the ground rods and the equipment to be 
grounded. The ground conductors may be made of copper or other metais/aiioys that wiii not cor¬ 
rode excessiveiy during the expected service iife. The ground rods may be made of zinc coated 
steei, stainiess steei, copper-ciad or stainiess steei-ciad steei. A thin iayer (3-6 inches [75-150 
mm]) of high resistivity materiai, such as gravei, is often spread on the earth’s surface above the 
ground grid to increase the contact resistance between the soii and the feet of the persons in the 
traction power faciiity. The grounding system shaii be designed so that the step and touch poten- 
tiais under fauit conditions are within the designated iimits. 

In areas where soil resistivity is high or the substation space is limited, alternative methods 
should be considered for obtaining low impedance grounding, such as connections to remote 
ground grids or wire mesh, deep-driven ground rods or drilled ground wells, plus the use of vari¬ 
ous additives and soil treatment methods, etc. Transferred potentials, which can result from inter¬ 
connection to remote ground grids, need to be considered 

Both static wires and the running rails (the latter through the neutral lead of the impedance 
bonds) shall be connected to the ground grid and the center tap of the secondary winding of the 
main power transformers and the center tap of the autotransformers in each TPF, using two inde¬ 
pendent connections. 

All buried/underground joints in grounding conductors and connections shall be exothermically 
welded. 

All normally-non-current-carrying conductive parts of manholes, handholes, pull boxes, splice 
boxes, metallic raceway and/or cable tray systems shall be bonded and grounded. 

All perimeter fences and gates at TPFs shall be effectively grounded and bonded to the groun¬ 
ding system of the TPF. The metallic access control fences along the High Speed Rail right of 
way shall also be effectively grounded and directly or indirectly bonded to the static wire where 
the fence lies within the OCS and pantograph zone, as indicated in Section 3.7.1. 




CALIFORNIA 


Page 10 





California High-Speed Train Project 


Traction Electrification System Rqmts. for Grounding and 
Bonding and Protection against Electric Shock, RO 


Wayside power cubicles (WPG) shall be grounded by separately driven ground rods at opposite 
corners, and connected to grounding pads. 

A ground test station shaii be incorporated into the ground grid design at aii traction power faciii- 
ties and wayside power cubicies, and these shaii be iocated so that they are accessibie to O&M 
personnei. 

Each traction power faciiity shaii be provided with appropriate iightning protection measures, 
based upon the incidence of iightning strikes in the area iocai to each TPF. The iightning protec¬ 
tion measures shaii be grounded in accordance with the recommendations of the equipment 
manufacturer, NFPA-780, NEC and NESC. 

The eiectrodes used to ground iightning protection systems shaii not be the same as those used 
for the traction power eiectricai system grounding, but the eiectrodes from both systems shaii be 
bonded together. 

3.4 General Overhead Contact System Grounding 

The bonding and grounding of the OCS support structures, raiis, and other trackside equipments 
shaii be designed such that the touch-and-step potentiais do not exceed the requirements as in¬ 
dicated in TM 3.2.1: 

• 60 V where accessibie to the pubiic under aii power suppiy feeding conditions 

• 25 V in maintenance shops under aii power suppiy feeding conditions 

Further requirements, regarding current ieveis and durations are detaiied in EN 50122-1 Section 
7.2: 


Duration of Current Fiow (sec) 

Permissibie Voitage in V (rms) 

0.02 

940 

0.05 

935 

0.1 

842 

0.2 

670 

0.3 

497 

0.4 

305 

0.5 

225 

0.6 

160 

0.7 

130 

0.8 

110 

0.9 

90 

1.0 

80 

<300 

65 

> 300 

60 

> 300 (in workshops and simiiar iocations) 

25 


An eiectricai safety anaiysis shaii be undertaken to assess which metaiiic parts need to be 
grounded and bonded, and the appropriate methodoiogy for impiementation defined. 

Per AREMA Chapter 33, Part 12.3.3.1.17 a, generaiiy, footing resistance of individuai structures 
shouid be maintained at a maximum of 25 ohms. The boited base OCS poies shaii be grounded 
through the normai mechanicai inter-connection of the poie to its steei reinforced concrete foun¬ 
dation, such that the ground resistance of individuai poies is kept iow, and does not exceed 25 Q. 
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Reinforced concrete, anchor bolt foundations, where the concrete is in good contact with the ad¬ 
jacent soii, are recognized as being good earth eiectrodes. However, where the ground resis¬ 
tance of individuai OCS poies exceeds 25 Q, individuai ground rods or other grounding soiutions 
shaii be appiied. In addition, aii OCS structurai supports - poies, waii brackets, drop pipes, etc. - 
shaii be inter-connected to the static wire. 

Per AREMA Chapter 33, Part 12.3.3.1.17 b, ground connections to disconnect switches and 
ground ieads from surge arresters shouid have a maximum ground resistance of 5 ohms. 
Ground rods or a ground mat can be utiiized to obtain the required ground resistance. If the me¬ 
tallic OCS pole at the disconnect switch location is to be used as part of the grounding system, 
the pole must be bonded to the steel reinforcement in the concrete pier foundation, and the rein¬ 
forcing steel bonded to a driven ground rod. 

There are numerous locations along the CHSTP corridors where transit systems are operated by 
dc traction power and their tracks are located adjacent to the CHSTP track alignment, such as in 
San Francisco with MUNI, throughout the Bay area by BART, in Sacramento by RTD, in San 
Jose by VTA, and in San Diego by MTDB. At these locations, a considerable degree of coordina¬ 
tion will be required with the dc traction system operator to minimize the possibility of creating dc 
stray current circuit paths through the ac system traction power return circuits. To achieve this 
objective, the static wire in the area affected by dc stray currents shall be electrically insulated 
from the OCS poles by supporting the static wire on insulators. The OCS poles shall be 
grounded through inter-connection of the pole, anchor bolts and steel reinforcement of the con¬ 
crete foundation so that the ground resistance of individual poles is kept low, and does not ex¬ 
ceed 25 Q. Where the ground resistance of individual OCS poles exceeds 25Q, individual ground 
rods or other grounding solutions shall be applied. Fault conditions shall be evaluated and 
grounding designs developed such that unsafe touch potentials are not created. Additionally, 
close coordination shall be maintained with any adjacent dc track authority so that a high level of 
insulation is maintained between the dc system rails and ground to minimize dc stray current lea¬ 
kage. 

Further coordination will be needed with the dc system operator where CHSTP passenger plat¬ 
forms are located adjacent to dc system tracks. If inadmissible touch/accessible voltages could 
still occur between the rail and ground, the final designer should investigate whether a voltage- 
limiting device, such as non-permanent rail to ground connection, should be installed to control 
touch potential during an ac fault condition and also to limit the uncontrolled dc stray current. 

All of the above measures need to be coordinated with the train control system supplier so that 
the integrity of the train control system is not compromised. 

The following items show the general bonding requirements for the traction electrification system: 

• Exothermically weld buried ground connections. 

• Use terminal lugs to connect grounding conductors to equipment enclosures. Secure 
connector or terminal lugs to the conductors in order to engage all strands equally by us¬ 
ing tools and pressure recommended by the manufacturer. 

• Exothermically weld connections to ground rods in manholes or handholes. 

• Splices in grounding conductors shall not be permitted. 

3.5 Platform Grounding System 

In order to minimize the possibility of interference with broken rail detection, all metallic structures 
and miscellaneous metallic items located on passenger platforms, including any OCS poles shall 
be isolated from the static wire and connected to the platform grounding system - counterpoise. 
The grounding design shall ensure the maximum permissible touch potentials, as specified here¬ 
in, are not exceeded and without exception the resistance to ground shall not exceed 5 ohms. 
Ground rods might need to be installed at the ends of the counterpoise. Where multiple groun¬ 
ding rods are required, they shall be installed at 10-foot spacing. 

If OCS poles are located on platforms, the OCS structures for each track shall be directly or indi¬ 
rectly connected to the adjacent counterpoise. Underground connections to counterpoise con- 
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ductors and ground rods shall be of the exothermic weld type. Connections to rebar and ground 
rods to be cast in concrete shaii be of the exothermic weid type. 

For piatform grounding, a counterpoise shaii be instaiied aiong the entire iength of each piatform 
with extensions beyond the end of the piatform, and shaii be connected to the raiis at one end on- 
iy via an impedance bond with further coordination with train controi operation. The counterpoise 
shaii be buried in earth. It couid be buried beiow the piatform or, where appropriate behind and 
dear of the piatform to faciiitate any required future maintenance, but shouid not be iocated on 
the track-side where it couid interfere with the track structure. 

According to THSRC, aii metaiiic items within 4 m (13’- 2”) from the centeriine of track shaii be 
bonded to the counterpoise. With a 5’- 9” (1.75 m) offset from the centeriine of the track to the 
edge of the passenger piatform, this requirement means that aii metaiiic items within T- 5” (2.25 
m) from the edge of the piatform are to be bonded to the counterpoise. 

Accordingiy, for the CHSTP, aii metaiiic items within 8’ (2.44 m) from the edge of the piatform 
shaii be bonded to the counterpoise. The counterpoise-bonded metaiiic items shaii be kept iso- 
iated from other buiiding steei and particuiariy from utiiity grounds. 

3.6 Structure Grounding And Bonding Requirements 

Structure grounding and bonding shouid create a conductive path that wiii achieve potentiai equa- 
iization of the grounded eiements of the raiiway system. Grounding connections provide for tying 
iineside normaiiy-non-current-carrying metaiiic parts iocated within 13’- 2” (4 m) of the centeriine 
of the track to the return circuit (through OCS poies) and for the eiectricai interconnection of rein¬ 
forcing rods in concrete structures, and in case of other modes of construction, the conductive in¬ 
terconnection of the metaiiic parts. The structure grounding system provides grounding connec¬ 
tions for: 

• high/medium-voitage protective ground 

• iow-voitage protective ground 

• iightning protection ground 

Signai apparatus, inciuding any wayside signai structures, may be eiectricaiiy connected to the 
static wire or to the center taps of impedance bonds by the Train Controi System Contractor as 
caiied out in the Train Controi Design Criteria. 

Aii non-current-carrying structurai components that iie within the overhead contact iine zone or 
the pantograph zone (see Section 3.7.1) shaii be either directiy grounded or be bonded to the 
static wire to provide for personnei safety. 

For tunnei sections, aii metaiiic drop pipes or brackets which support the OCS cantiievers, shaii 
be bonded to the static wire. Where underwater crossings are encountered, the static wire shaii 
be grounded beyond the underwater crossing areas. For iong tunneis, additionai grounds and/or 
an additionai aiong-tunnei ground wire(s) might be required to meet the ground resistance re¬ 
quirements and/or to minimize the possibiiity that raii potentiais may cause unacceptabie touch- 
and-step voitages. If these additional ground conductors are laid at low level - adjacent to the 
track or along the walkways - these conductors will also supplement the grounding capability of 
the system, and fault detection and control in the event of a broken wire condition. In order to 
provide a sufficiently low ground resistance, it may be necessary to install a ground grid at or near 
to the tunnel portals. Where the reinforcing rods in the tunnel structures can be inter-connected 
longitudinally, such as in cut-and-cover construction, or the tunnel is built in sections (with gaps 
along the length), each section shall be connected to the return circuit static wire or the sections 
shall be connected together and then connected to the static wire. 

For viaduct or under-bridge structures, over which the high speed trains run, the static wire shall 
be electrically grounded through the bridge columns or the abutments. The bored piles or rein¬ 
forcing rods of the viaduct or bridge column foundations can be considered to form the grounding 
system of viaduct sections. The reinforcement in the support column foundation shall be electri¬ 
cally connected to the reinforcement of the column and to the reinforcement in the viaduct seg¬ 
ments or beams. The reinforcing rods in each concrete section shall be connected together and 




CALIFORNIA 


Page 13 





California High-Speed Train Project 


Traction Electrification System Rqmts. for Grounding and 
Bonding and Protection against Electric Shock, RO 


connected to the anchor bolts for the OCS poles, which are also to be connected to the static wire 
as part of the return circuit. 

For personnei safety and iightning protection, aii metaiiic items in tunneis or on viaducts need to 
be bonded either directiy or indirectiy to the static wire. To coordinate with the broken raii detec¬ 
tion requirements, insuiated joints or coupiers might need to be instaiied in iongitudinai and trans¬ 
verse metaiiic items, which might connect both tracks or connect both static wires. The grounding 
and bonding of the emergency waikway area and other pubiiciy accessibie areas shaii be de¬ 
signed to avoid inadmissibie touch and step voitages and aiso to meet the requirements of the 
signaiing system. 

At some locations, the CHSTP aiignment wiii pass under existing reinforced concrete over- 
bridges, Since the bridge structure wiii iie within the overhead contact iine and pantograph zone 
(see Section 3.7.1), speciai grounding provisions may be required to protect the structure and ad¬ 
jacent third party utiiity instaiiations. These measures may inciude provision of: 

• Gaivanized steei strip on both bridge waiis, if these are iocated in the overhead contact 
iine zone 

• Gaivanized steei strip or angie section profiie above the overhead iine at the start and 
end of the bridge if the bridge roof is within the pantograph zone 

• Protective fence or projecting contact protection (as shown in Section 3.7) on the bridge 
sides 

• These metaiiic parts shaii be connected at two points to the static wire. 

For existing or new steei bridges, the steei girders shaii be interconnected and bonded to the stat¬ 
ic wire. 

For maintenance and storage faciiities buiidings, grounding devices shaii be provided at buiiding 
entrance points. These shaii be in the form of three-position disconnect switches, providing for 
Ciosed (to inter-connect to the adjacent eiectricai section). Open (no eiectricai inter-connection), 
and Ciosed to Ground, with one disconnect per shop track eiectricai section and with inter-iinked 
indication lights on a per section basis, so that maintenance personnei can see cieariy which sec¬ 
tions of the OCS are energized and which are grounded. These disconnects shaii be provided 
with bars that wiii accept muitipie iocks so that more than one maintainer can appiy his/her per- 
sonai iock to ensure the switches are not operated whiie someone is working. 

3.7 Protection Against Electric Shock 

Protection against eiectric shock can be achieved by estabiishing adequate safety ciearances to 
minimize the possibiiity of direct contact with energized parts, and/or by erecting suitabie barriers 
or screens to prevent direct contact, and instaiiing appropriate signs warning of the potentiai dan¬ 
gers. 

3.7.1 Overhead Contact Line Zone and Pantograph Zone 

Structures and equipment may accidentaiiy come into contact with a iive broken contact iine, or 
with the iive parts of a broken or de-wired pantograph or broken fragments. Figure 3.7.1 defines 
the zone inside which such contact is considered probabie and whose iimits shaii not be ex¬ 
ceeded, in generai, by a broken overhead contact iine or by an energized pantograph. The pan¬ 
tograph may be iive because it is inter-connected with other energized pantographs or because 
the train is in regenerative braking mode. The iimits of the overhead contact iine zone beiow top 
of raii extend verticaiiy down to the earth surface, except where the tracks are iocated on a via¬ 
duct. In the case of out of running OCS conductors, the overhead contact iine zone shaii be ex¬ 
tended accordingiy. 
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6 '- 7 ' 6 '- 7 ' 



Figure 3.7.1 - Overhead Contact Line Zone and Pantograph Zone 


3.7.2 Protection by Clearances from Standing Surfaces 

The minimum unconstrained ciearances from energized parts to generaiiy accessibie areas (no 
barriers, screens or other physicai restrictions to movement) are depicted in EN 50122-1: 1997 
Figure 14 and are shown beiow in Figure 3.7.2 for both pubiic areas and restricted areas. The 
vaiues shown are based on touching in a straight iine without the use of toois or other objects and 
shaii be achieved under aii ciimatic and ioading conditions. 
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Figure 3.7.2 - Minimum Required Safety Ciearances - Unconstrained Access (Ciearances to ac- 
cessibie iive parts on the outside of vehicies as weii as to iive parts of OCS from standing surfac¬ 
es accessibie to persons) 


3.7.3 Protective Screening and Barriers for Standing Surfaces in Pubiic Areas 

The requirements for protective screening and barriers for standing surfaces in pubiic areas are 
based on the requirements of EN 50122-1, the Caitrain eiectrification project, and THSRP. 
Based on EN 50122-1, the standing surfaces above iive parts on the outside of vehicies or above 
iive parts of an overhead contact line system shaii be of soiid barrier design. Protective screening 
and barriers, as specified in THSRP and Caitrain, are to be 6’- 6” (1980 mm) in height. 

For CHSTP, the minimum requirements for pubiic areas are shown in Figure 3.7.3 and can be 
summarized as: 

1) where the energized parts are iocated beiow the standing surface, protection of the 
standing surface shaii be by means of a soiid barrier, 

2) the minimum height of the protective barrier - soiid or a combination of soiid pius mesh 
screen, as shown - shaii be 6’- 6” (1980 mm) , and 

3) barriers of greater height may be required in areas where vandaiism is prevaient. 


The iength of the protective screening and barrier on structures that cross over the eiectrified raii- 
road, which protect pubiiciy accessibie standing surfaces shaii be extended iateraiiy beyond the 
iive parts of an overhead contact iine by at ieast 10’ (3050 mm) on each side. In the case of con¬ 
ductors not being used for current coiiection (e.g., iine feeders, reinforcing feeders, out of running 
overhead contact iines), the barrier shaii extend for a width of at ieast 10’ (3050 mm) on each 
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side of the conductor, with the proviso that movement due to dynamic and thermai effects has 
been taken into account. 





SDLID-WALL DESIGN 
CXXXXXl MESH SCREEN 
////// LIMIT TD LIVE PARTS 


ALL THE DIMENSIONS SPECIFIED 
HERE ARE MINIMUM, 


Figure 3.7.3 - Examples of protective screening and barriers for standing surfaces in public areas 
for protection against direct contact with adjacent live parts on the outside of vehicles or adjacent 
live parts of an overhead contact line system for normal voltages up to 25 kV ac to ground. 

NOTE: The dimension “d” between the protective screenings & barriers and iive parts, shown in Figure 
3.7.3, shaii be determined as described in Tabie 3.7.1. 


Table 3.7.1 “d” value 


Ciearance Situation 

d 

d 

Minimum Dynamic Ciearance 

00 

220 mm * 

Minimum Static Ciearance 

123/4” 

320 mm * 

Static Ciearance for soiid-waiis or soiid-waii doors, if buckiing or warping 
cannot be exciuded 

133 / 4 ” 

345 mm ** 

Static Ciearance for mesh construction 

16/2” 

420 mm ** 


*: These vaiues are based on UlC 606-1 Appendix 6, TM 3.2.1 - OCS Requirements, EN 50124-1 
6.3.1.2, and EN50119 5.2.10 with the adjustments for different factors 
**: These ciearance vaiues are based on EN 50122-1 5.1.3.1.2. 
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3.7.3 Protective Screening and Barriers for Standing Surfaces in Restricted Areas 

The requirements for protective screening and barriers for standing surfaces in restricted areas 
are mainiy based on EN 50122-1 and are shown in Figure 3.7.4. For standing surfaces above 
iive parts on the outside of vehicies or above iive parts of an overhead contact iine system, the 
protection shaii be of soiid barrier construction. The iength of the soiid barrier, protecting the 
standing surface, shaii correspond to the pantograph zone and shaii extend beyond the iive parts 
of an overhead contact iine by at ieast 1 ’- 8” (508 mm). In the case of conductors not being used 
for current coiiection (e.g., iine feeders, reinforcing feeders, out of running overhead contact 
iines), the barrier shaii extend for a width of at ieast 1’- 8” (508 mm) on each side of the conduc¬ 
tor, with the proviso that movement due to dynamic and thermai effects shaii be taken into ac¬ 
count. The height “h” of the protective screening and barrier shaii be such that a ciearance of 5’ 
(1524 mm) from the top of the protective screening and barrier is maintained (see Figure 3.7.4). 




CAU FORMA 


Page 18 





California High-Speed Train Project 


Traction Electrification System Rqmts. for Grounding and 
Bonding and Protection against Electric Shock, RO 







SDLID-VALL DESIGN 
ItXXXXX MESH SCREEN 
[^ 7777 ? LIMIT TD LIVE PARTS 

ALL THE DIMENSIONS SPECIFIED 
HERE ARE MINIMUM, 


Figure 3.7.4 - Examples of protective screenings and barriers for standing surfaces in restricted 
areas for protection against direct contact with adjacent live parts on the outside of vehicles or 
adjacent live parts of an overhead contact line system for normal voltages up to 25 kV ac to earth. 

NOTE: The height of the side protective screenings and barriers, if necessary, wiii generaiiy cor¬ 
respond to the height of the necessary safety raiiing but shouid have a height of at ieast 3’- 6” 
(1067 mm). The dimension “d” between the protective screenings & barriers and iive parts, 
shown in Figure 3.7.4, shaii be determined as described in Tabie 3.7.1. 
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3.7.4 Additional Requirements for Overhead Structure Protection Barriers and Screens 

Protection barriers or screens shaii be of sufficient strength and shaii be supported rigidiy and se- 
cureiy enough to prevent them from being dispiaced or dangerousiy defiected by a person siip- 
ping or faiiing against them. 

Barriers and screens shaii be permanentiy fixed, and shaii be removabie oniy with toois. Barriers 
in pubiic areas shaii empioy non-removabie, captive fasteners. 

Barriers shaii be of soiid construction and be fabricated from either conductive or non-conductive 
materiais. 

Non-conductive barriers shaii be surrounded by a grounded, bare conductor that is intercon¬ 
nected with the traction system ground, preferabiy at not iess than two iocations. 

Conductive barriers and mesh screens shaii be bonded and grounded by interconnection with the 
traction system ground, preferabiy at not iess than two iocations. 

Screens shaii be of grounded, conductive, open mesh materiais. Non-conductive mesh or pias- 
tic-coated metai mesh shaii not be used. 

Conductive mesh screens shaii be constructed such that a cyiinder, greater than y 2 in. (13 mm) in 
diameter, cannot be pushed through the mesh. Mesh screen construction shaii be such that re¬ 
quired ciearances to energized parts are maintained. 

The styie of barrier to be empioyed is dependent upon type of standing surface and its proximity 
to the energized parts, and whether the surface provides for pubiic or restricted access. 

The size of the barrier or screen shaii be such that energized parts cannot be touched in a 
straight iine by persons on a standing surface. 

Where there is pubiic access or trespass is iikeiy, anti-ciimbing protection shaii be provided at 
buiidings and other structures supporting energized parts of the OCS. The anti-ciimbing protec¬ 
tion shouid inciude signs warning of the dangers of high voltage. 

Access to fixed iadders, particuiariy at signai poies and signai gantries, and the means of access 
to any roof or other piace, which couid aiiow non-authorized persons to approach energized 
parts, shaii be secured or otherwise protected. 

The design of the protective screens and barriers shaii minimize the ioading on existing structures 
and any adverse visuai impact. 

The metaiiic part of the overhead bridge screening and barriers shaii be bonded to static wires. 
Aii other metaiiic items on the overhead bridge, within a iaterai distance of 10 ft. from any ener¬ 
gized and uninsuiated equipment passing beiow the structure, shaii be directiy or indirectiy 
bonded to static wire. 
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4.0 SUMMARY AND RECOMMENDATIONS 

The purpose of this section is to provide criteria for design of grounding and bonding systems that 
wiii minimize touch voitages and ground return currents caused by the CHSTP system, so as to 
provide for the safety of passengers and operating personnei and to minimize the hazards due to 
eiectricai shock. 

The grounding systems of aii traction power faciiities shaii be designed based on IEEE Standard 
80 (and NESC/NEC as appiicabie). 

The OCS poies shaii be grounded through the normai mechanicai inter-connection of the poie to 
its steei reinforced concrete foundation, such that the ground resistance of individuai poies is kept 
iow, and does not exceed 25 Q. Where the ground resistance of individuai OCS poies exceeds 
25 Q, individuai ground rods or other grounding soiutions shaii be appiied. In addition, aii OCS 
structurai supports - poies, waii brackets, drop pipes, etc. - shaii be inter-connected to the static 
wire. 

The OCS poies shaii be bonded to the static wire, except in passenger station piatform areas and 
in the areas affected by dc stray currents. The static wire shaii be connected to the track raiis 
through impedance bonds at iocations acceptabie to the signai system designer. The static wire 
shaii aiso be connected to the ground grids at traction power substations, switching stations, and 
paraiieiing stations through impedance bonds. Additionai connections to the raiis through imped¬ 
ance bonds might be required depending on the traction power ioad fiow simuiation resuits. 

There are numerous iocations aiong the CHSTP corridors where transit systems are operated by 
dc traction power and their tracks are iocated adjacent to the CHSTP track aiignment, such as in 
San Francisco with MUNI, throughout the Bay area by BART, in Sacramento by RTD, in San 
Jose by VTA, and in San Diego by MTDB. At these iocations, a considerabie degree of coordina¬ 
tion wiii be required with the dc traction system operator to minimize the possibiiity of creating dc 
stray current circuit paths through the ac system traction power return circuits. To achieve this 
objective, the static wire in the area affected by dc stray currents shaii be eiectricaiiy insuiated 
from the OCS poies by supporting the static wire on insuiators. The OCS poies shaii be 
grounded through inter-connection of the poie, anchor boits and steei reinforcement of the con¬ 
crete foundation so that the ground resistance of individuai poies is kept iow, and does not ex¬ 
ceed 25 Q. Where the ground resistance of individuai OCS poies exceeds 25 Q, individuai 
ground rods or other grounding soiutions shaii be appiied. Fauit conditions shaii be evaiuated 
and grounding designs shaii be deveioped such that unsafe touch potentiais are not created. 
Additionaiiy, dose coordination shaii be maintained with any adjacent dc track authority so that a 
high ievei of insuiation is maintained between the dc system raiis and ground to minimize dc stray 
current ieakage. 

A counterpoise grounding system shaii be instaiied for each passenger station piatform. Aii me- 
taiiic items within 8’ (2438 mm) from the track-side edge of the piatform, inciuding any OCS poies 
on the piatform, shaii be directiy or indirectiy connected to the counterpoise. Depending on the 
signaiing system, at ieast one end of the counterpoise wouid need to be connected to the raii 
through impedance bonds as coordinated with the train controi designer. The static wire on the 
piatform shaii be isoiated from the poies and the counterpoise. 

When the verticai ciearance between OCS conductors and overhead concrete bridges is iess 
than 3 ft (915 mm), protection paneis shaii be instaiied. Steei overhead bridges shaii be bonded 
to the static wire. 

Pubiiciy accessibie bridges shaii be protected by screening and/or barriers which shaii be at ieast 
6 ’- 6” (1980 mm) high and extend iateraiiy beyond the iive parts of an overhead contact iine by at 
ieast 10’ (3048 mm) on each side. The metaiiic portion of the screening and barriers shaii be 
bonded to the static wire. Aii other metaiiic items on the overhead bridge, within the iaterai range 
of not iess than 10 ft. (3048 mm) beyond any energized and uninsuiated equipment passing be- 
iow the structure, shaii be directiy or indirectiy bonded to the static wire. 
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5.0 SOURCE INFORMATION AND REFERENCES 

• Energy Technical Specification for Interoperabiiity of European High Speed Raii System 

• CHSTP Basis of Design Poiicy - Caiifornia High Speed Raii Program - Jan 08 

• Technicai Memorandum TM 1.1.10 Structure Gauge 

• Technicai Memorandum TM 3.2.3.3 Pantograph Ciearance Enveiopes 

• Caiifornia Pubiic Utiiities Commission Generai Order 26-D 

• Caiifornia Pubiic Utiiities Commission Generai Order 95 

• Nationai Eiectricai Safety Code 

• lEC 60479: Effects of Current on Human Beings and Livestock - Part 1 Generai Aspects 

• IEEE Std 80: IEEE Guide for Safety in AC Substation Grounding 

• IEEE Std 81: IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System (Part 1) 

• IEEE Std 142: IEEE Recommended Practice for Grounding of Industrial and Commercial 
Power systems (IEEE Green Book) 

• NFPA Standard 70: National Electrical Code (as applicable) 

• NFPA Standard 780: Standard for Installation of Lightning Protection Systems 

• International Building Code 

• EN 50119:2001 

. EN 50122-1:2001 

• EN 50124-1:2001 

• UlC 606-1 OR 

• The Manual for Railway Engineering of the American Railway Engineering and Mainten¬ 
ance of Way Association (AREMA Manual) 
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6.0 DESIGN CRITERIA MANUAL 

6.1 General TES Grounding 

The purpose of this section is to provide criteria for the design of grounding and bonding systems 
that wiii minimize touch-and-step voitages and ground return currents caused by the CHSTP sys¬ 
tem to provide for the safety of passenger and operating personnei and protect them from eiec- 
tricai shock. In addition, the grounding and bonding system designs shaii provide the means to 
carry eiectric currents into the earth under normai and fauit conditions without exceeding any op¬ 
erating and equipment iimits or adverseiy affecting continuity of service 

Where insuiated cabies are used within the TES, they shaii be specified and manufactured in ac¬ 
cordance with the appropriate eiectricai standards that are appiicabie to the working environment 
- voitages, operating and fauit currents - to which they wiii be subjected. 

The boited base OCS poies shaii be grounded through the normai mechanicai inter-connection of 
the poie to its steei reinforced concrete foundation, such that the ground resistance of individuai 
poies is kept iow, and does not exceed 25 Q. Reinforced concrete, anchor boit foundations, 
where the concrete is in good contact with the adjacent soii, are recognized as being good earth 
eiectrodes. However, where the ground resistance of individuai OCS poies exceeds 25 Q, indi¬ 
viduai ground rods or other grounding soiutions shaii be appiied. In addition, aii OCS structurai 
supports - poies, waii brackets, drop pipes, etc. - shaii be inter-connected to the static wire. 

In addition to the grounding of the OCS poies and support brackets through the static wire, the 
raiis are aiso connected to the static wire through impedance bonds near substations, switching 
stations, and paraiieiing stations. Additionai periodic connections between the static wire and the 
raiis through impedance bonds may be needed based on the traction power ioad fiow simuiation 
resuits and the touch/step anaiysis. The spacing of these inter-connections to the raiis must be 
coordinated with the operating requirements of the signaiing system. 

The grounding systems of aii traction power faciiities shaii be designed based on IEEE Standard 
80 (and NESC/NEC as applicable). 

The ground grid for each TPF and the center tap of the secondary of main power transformers 
and center tap of autotransformers shall be connected to the rails through impedance bonds, and 
to both static wires through two independent connections. 

All buried/underground joints in grounding conductors and connections shall be exothermically 
welded. 

All normally-non-current-carrying conductive parts of manholes, handholes, pull boxes, splice 
boxes, metallic raceway and/or cable tray systems shall be bonded and grounded. 

All perimeter fences and gates at TPFs shall be effectively grounded and bonded to the groun¬ 
ding system of the TPF. 

Wayside power cubicles (WPG) shall be grounded by separately driven ground rods at opposite 
corners, and connected to grounding pads. 

Ground test station shall be incorporated into the ground grid design at all traction power facilities 
and wayside power cubicles, and these shall be located so that they are accessible to O&M per¬ 
sonnel. 

Each traction power facility shall be provided with appropriate lightning protection measures, 
based upon the incidence of lightning strikes in the area local to each TPF, and the lightning pro¬ 
tection measures shall be grounded in accordance with the recommendations of the equipment 
manufacturer, NFPA-780, NEC and NESC. 

The electrodes used to ground lightning protection systems shall not be the same as those used 
for traction power electrical system grounding, but the electrodes from both systems shall be 
bonded together. 

In areas where soil resistivity is high or the substation space is limited, alternative methods 
should be considered for obtaining low impedance grounding, such as connections to remote 
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ground grids or wire mesh, deep-driven ground rods or driiied ground weiis, pius the use of vari¬ 
ous additives and soii treatment methods, etc. Transferred potentiais that can resuit from the 
connection to remote ground grids need to be considered. 

The bonding and grounding of the OCS, raiis, and other trackside equipment shaii be designed 
such that the touch-and-step potentiais do not exceed the requirements as indicated in TM 3.2.1: 

• 60 V where accessibie to the pubiic under aii power suppiy feeding conditions 

• 25 V in maintenance shops under aii power suppiy feeding conditions 


Further requirements, regarding current ieveis and durations are EN 50122-1 Section 7.2: 


Duration of Current Fiow (sec) 

Permissibie Voitage in V (rms) 

0.02 

940 

0.05 

935 

0.1 

842 

0.2 

670 

0.3 

497 

0.4 

305 

0.5 

225 

0.6 

160 

0.7 

130 

0.8 

110 

0.9 

90 

1.0 

80 

<300 

65 

>300 

60 

> 300 (in workshops and simiiar iocations) 

25 


An eiectricai safety anaiysis shaii be undertaken to assess which metaiiic parts need to be 
grounded and bonded, and the appropriate methodoiogy for impiementation identified. 

The OCS poies shaii be grounded through inter-connection of the poie to the static wire, so that 
the ground resistance of individuai poies is kept iow, and does not exceed 25 Q. Reinforced con¬ 
crete, anchor boit foundations, where the concrete is in good contact with the adjacent soii, are 
recognized as being good earth eiectrodes. However, where the ground resistance of individuai 
OCS poies exceeds 25 Q, individuai ground rods or other grounding soiutions shaii be appiied. 

Ground connections to disconnect switches and ground ieads from surge arresters shouid have a 
maximum ground resistance of 5 ohms. Ground rods or a ground mat can be utiiized to obtain 
the required ground resistance. If the metaiiic OCS poie at the disconnect switch iocation is to be 
used as part of the grounding system, the poie must be bonded to the steei reinforcement in the 
concrete pier foundation, and the reinforcing steei bonded to a driven ground rod. 
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There are numerous locations along the CHSTP corridors where transit systems are operated by 
dc traction power and their tracks are iocated adjacent to the CHSTP track aiignment, such as in 
San Francisco with MUNI, throughout the Bay area by BART, in Sacramento by RTD, in San 
Jose by VTA, and in San Diego by MTDB. At these iocations, a considerabie degree of coordina¬ 
tion wiii be required with the dc traction system operator to minimize the possibiiity of creating dc 
stray current circuit paths through the ac system traction power return circuits. To achieve this 
objective, the static wire in the area affected by dc stray currents shaii be eiectricaiiy insuiated 
from the OCS poies by supporting the static wire on insuiators. The OCS poies shaii be 
grounded through inter-connection of the poie, anchor boits and steei reinforcement of the con¬ 
crete foundation so that the ground resistance of individuai poies is kept iow, and does not ex¬ 
ceed 25 Q. Where the ground resistance of individuai OCS poies exceeds 25 Q, individuai 
ground rods or other grounding soiutions shaii be appiied. Fauit conditions shaii be evaiuated and 
grounding designs shaii be deveioped such that unsafe touch potentiais are not created. Addi- 
tionaiiy, dose coordination shaii be maintained with the dc track authority so that a high ievei of 
insuiation is maintained between the dc system raiis and ground to minimize dc stray current iea- 
kage. 

Further coordination wiii be needed with the dc system operator where CHSTP passenger piat- 
forms are iocated adjacent to dc system tracks. If inadmissible touch/accessible voltages could 
still occur between the rail and ground, the final designer should investigate whether a voltage- 
limiting device, such as non-permanent rail to ground connection, should be installed to control 
touch potential during an ac fault condition and also limit the uncontrolled dc stray current. 

All of the above measures need to be coordinated with the train control supplier to assure that the 
integrity of the train control system is not compromised. 

The following items show the general bonding requirements: 

• Exothermically weld buried ground connections. 

• Use terminal lugs to connect grounding conductors to equipment enclosures. Secure 
connector or terminal lugs to the conductors in order to engage all strands equally by us¬ 
ing tools and pressure recommended by the manufacturer. 

• Exothermically weld connections to ground rods in manholes or handholes. 

• Splices in grounding conductors are not permitted. 

6.2 Platform Grounding System 

All metallic structures and miscellaneous metallic items located on passenger platforms, including 
any OCS poles, shall be isolated from the static wire and connected to the platform grounding 
system - counterpoise. The grounding design shall ensure the maximum permissible touch poten¬ 
tials, as specified herein, are not exceeded and without exception the resistance to ground shall 
not exceed 5 ohms. Ground rods might need to be installed at the ends of the counterpoise. 
Where multiple grounding rods are required, they shall be installed at 10-foot spacing. 

If OCS poles are located on platforms, the OCS structures for each track shall be directly or indi¬ 
rectly connected to the adjacent counterpoise. Underground connections to counterpoise con¬ 
ductors and ground rods shall be of the exothermic weld type. Connections to rebar and ground 
rods to be cast in concrete shall be of the exothermic weld type. 

For platform grounding, a counterpoise shall be installed along the entire length of each platform 
with extensions beyond the end of the platform, and shall be connected to the rails at one end on¬ 
ly via an impedance bond with further coordination with train control operation. The counterpoise 
shall be buried in earth. It could be buried below the platform or, where appropriate behind and 
clear of the platform to facilitate any required future maintenance, but should not be located on 
the track-side where it could interfere with the track structure. All the metallic items within 8’ 
(2438 mm) from the edge of the platform shall be bonded directly or indirectly to the counterpoise 
for CHSTP. The counterpoise-bonded metallic items shall be kept isolated from other building 
steel and particularly from utility grounds 
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6.3 Structure Grounding and Bonding Reouirements 

Structure grounding and bonding shouid create a conductive path that wiii achieve potentiai equa- 
iization of the grounded eiements of the raiiway system. Grounding connections provide for tying 
iineside metaiiic parts to the return circuit and for the eiectricai interconnection of reinforcing rods 
in concrete structures, and in case of other modes of construction, the conductive interconnection 
of the metaiiic parts. The structure grounding system provides grounding connections for: 

• high/medium-voitage protective ground 

• iow-voitage protective ground 

• iightning protection ground 

Signai apparatus, inciuding any wayside signais, may be eiectricaiiy connected to the static wire 
or center taps of impedance bonds by the Train Controi Contractor as caiied out in the Train Con- 
troi Design Criteria. 

Any component of structures within the overhead contact iine and pantograph zone (see Section 
6.4.1) shaii be either directiy grounded or be bonded to the static wire to ensure personnei safety. 

For tunnei sections, aii metaiiic drop pipes or brackets, which support the OCS cantiievers, shaii 
be bonded to the static wire. Where underwater crossings are encountered, the static wire shaii 
be grounded beyond the underwater crossing areas. For iong tunneis, additionai grounds and/or 
an additionai aiong-tunnei ground wire(s) might be required to meet the ground resistance re¬ 
quirements and/or to minimize the possibiiity that raii potentiais may cause unacceptabie touch 
voitages. If these additionai ground conductors are iaid at iow ievei - adjacent to the track or 
aiong the waikways - these conductors wiii aiso suppiement the grounding capabiiity of the sys¬ 
tem, and fauit detection and controi in the event of a broken wire condition. In order to provide a 
sufficientiy iow ground resistance, it may be necessary to instaii a ground grid at or near to the 
tunnei portais. Where the reinforcing rods in the tunnei structures can be inter-connected iongi- 
tudinaiiy, such as in cut-and-cover construction, or the tunnei is buiit in sections (with gaps aiong 
the iength), each section shaii be connected to the return circuit static wire, or the sections shaii 
be connected together and then connected to the static wire. 

For viaduct or under-bridge structures, over which the high speed trains run, the static wire shaii 
be eiectricaiiy grounded through the bridge coiumns or the abutments. The reinforcement in the 
support coiumn foundation shaii be eiectricaiiy connected to the reinforcement of the coiumn and 
to the reinforcement in the viaduct segments or beams. The reinforcing rods in each concrete 
section shaii be connected together and connected to the anchor boits for the OCS poies, which 
are aiso connected to the static wire as part of the return circuit. 

For personnei safety and iightning protection, aii metaiiic items in tunneis or on viaducts need to 
be bonded either directiy or indirectiy to the static wire. To coordinate with the broken raii detec¬ 
tion requirements, insuiated joints or coupiers might need to be instaiied in iongitudinai and trans¬ 
verse metaiiic items, which might connect both tracks or connect both static wires. The grounding 
and bonding of the emergency waikway area and other pubiiciy accessibie areas shaii be de¬ 
signed to avoid inadmissibie touch and step voitages and aiso to meet the requirements of the 
signaiing system. 

If components of overhead bridges iie within the overhead contact iine and pantograph zone (see 
Section 6.4.1), then speciai grounding provisions are required to ensure personai safety. 

• Gaivanized steei strip on both bridge waiis, if these are iocated in the overhead contact 
iine zone 

• Gaivanized steei strip or angie section profiie above the overhead iine at the start and 
end of the bridge if the bridge roof is within the pantograph zone 

• Protective fence or projecting contact protection (as shown in Section 6.4) on the bridge 
sides 

• The metaiiic parts are connected at two points to the static wire. 

For steei bridges, the steei girders shaii be interconnected and bonded to the static wire. 
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For maintenance and storage facilities buiidings, grounding devices shaii be provided at buiiding 
entrance points. These shaii be in the form of three-position disconnect switches, providing for 
Ciosed (to inter-connect to the adjacent eiectricai section), Open (no eiectricai inter-connection), 
and Ciosed to Ground, with one disconnect per shop track eiectricai section and with inter-iinked 
indication lights on a per section basis, so that maintenance personnei can see cieariy which sec¬ 
tions of the OCS are energized and which are grounded. These disconnects shaii be provided 
with bars that wiii accept muitipie iocks so that more than one maintainer can appiy his^er per- 
sonai iock to ensure the switches are not operated whiie someone is working. 

6.4 Protection Against Electric Shock 

Protection against eiectric shock can be achieved by estabiishing adequate safety ciearances to 
minimize the possibiiity of direct contact with energized parts, and/or by erecting suitabie barriers 
or screens to prevent direct contact, and instaiiing appropriate signs warning of the potentiai dan¬ 
gers. 

6.4.1 Overhead Contact Line Zone and Pantograph Zone 

Structures and equipment may accidentaiiy come into contact with a iive broken contact iine, or 
with the iive parts of a broken or de-wired pantograph or broken fragments. Figure 6.4.1 defines 
the zone inside which such contact is considered probabie and whose iimits shaii not be ex¬ 
ceeded, in generai, by a broken overhead contact iine or by an energized pantograph. The pan¬ 
tograph may be iive because it is inter-connected with other energized pantographs or because 
the train is in regenerative braking mode. The iimits of the overhead contact iine zone beiow top 
of raii extend verticaiiy down to the earth surface, except where the tracks are iocated on a via¬ 
duct. In the case of out of running OCS conductors, the overhead contact iine zone shaii be ex¬ 
tended accordingiy. 
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6'-7' 6'-7' 



Figure 6.4.1 - Overhead Contact Line Zone and Pantograph Zone 

6.4.2 Protection by Clearances from Standing Surfaces 

The minimum unconstrained ciearances from energized parts to generaiiy accessibie areas (no 
barriers, screens or other physicai restrictions to movement) are depicted in Figure 6.4.2 for both 
pubiic areas and restricted areas. The vaiues shown are based on touching in a straight iine with¬ 
out the use of toois or other objects and shaii be achieved under aii ciimatic and ioading condi¬ 
tions. 
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Figure 6.4.2 - Minimum Required Safety Ciearances - Unconstrained Access (Ciearances to ac- 
cessibie iive parts on the outside of vehicies as weii as to iive parts of OCS from standing surfac¬ 
es accessibie to persons) 


6.4.3 Protective Screening and Barriers for Standing Surfaces in Pubiic Areas 

For CHSRP, the minimum requirements for pubiic areas are shown in Figure 6.4.3 and can be 
summarized as: 

1) where the energized parts are iocated beiow the standing surface, protection of the 
standing surface shaii be by means of a soiid barrier, 

2) the minimum height of the protective barrier - soiid or a combination of soiid pius mesh 
screen, as shown - shaii be 6’- 6” (1980 mm), and 

3) barriers of greater height may be required in areas where vandaiism is prevaient. 

The iength of the protective screening and barrier on structures that cross over the eiectrified raii- 
road, which protect pubiiciy accessibie standing surfaces shaii be extended iateraiiy beyond the 
iive parts of an overhead contact iine by at ieast 10’ (3048 mm) on each side. In the case of con¬ 
ductors not being used for current coiiection (e.g., iine feeders, reinforcing feeders, out of running 
overhead contact iines), the barrier shaii extend for a width of at ieast 10’ (3048 mm) on each 
side of the conductor, with the proviso that movement due to dynamic and thermai effects has 
been taken into account. 
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SDLID-WALL DESIGN 
OOOOCXl MESH SCREEN 
////// LIMIT TD LIVE PARTS 


ALL THE DIMENSIONS SPECIFIED 
HERE ARE MINIMUM, 


Figure 6.4.3 - Examples of protective screening and barriers for standing surfaces in public areas 
for protection against direct contact with adjacent live parts on the outside of vehicles or adjacent 
live parts of an overhead contact line system for normal voltages up to 25 kV ac to ground. 

NOTE: The dimension “d” between the protective screenings & barriers and iive parts, shown in Figure 
6.4.3, shaii be determined as described in Tabie 6.4.1. 


Table 6.4.1 “d” value 


Ciearance Situation 

d 

d 

Minimum Dynamic Ciearance 

00 

220 mm 

Minimum Static Ciearance 

123/4” 

320 mm 

Static Ciearance for soiid-waiis or soiid-waii doors, if buckiing or 
warping cannot be exciuded 

133 / 4 ” 

345 mm 

Static Ciearance for mesh construction 

16^/2” 

420 mm 
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6.4.3 Protective Screening and Barriers for Standing Surfaces in Restricted Areas 

The requirements for protective screening and barriers for standing surfaces in restricted areas 
are shown in Figure 6.4.4. For standing surfaces above iive parts on the outside of vehicies or 
above iive parts of an overhead contact iine system, the protection shaii be of soiid barrier con¬ 
struction. The iength of the soiid barrier, protecting the standing surface, shaii correspond to the 
pantograph zone and shaii extend beyond the iive parts of an overhead contact iine by at ieast 1’- 
8 ” (508 mm). In the case of conductors not being used for current coiiection (e.g., iine feeders, 
reinforcing feeders, out of running overhead contact iines), the barrier shaii extend for a width of 
at ieast 1’- 8” (508 mm) on each side of the conductor, with the proviso that movement due to dy¬ 
namic and thermai effects shaii be taken into account. The height “h” of the protective screening 
and barrier shaii be such that a ciearance of 5’ (1524 mm) from the top of the protective screen¬ 
ing and barrier is maintained (see Figure 6.4.4). 
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Figure 6.4.4 - Examples of protective screenings and barriers for standing surfaces in restricted 
areas for protection against direct contact with adjacent live parts on the outside of vehicles or 
adjacent live parts of an overhead contact line system for normal voltages up to 25 kV ac to earth. 

NOTE: The height of the side protective screenings and barriers, if necessary, wiii generaiiy correspond 
to the height of the necessary safety raiiing but shouid have a height of at ieast 3’- 6” (1067 mm). The 
dimension “d” between the protective screenings & barriers and iive parts, shown in Figure 3.5.4, shaii be 
determined as described in Tabie 3.5.1. 
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6.4.4 Additional Requirements for Protection Barriers and Screens 

Protection barriers or screens shaii be of sufficient strength and shaii be supported rigidiy and se- 
cureiy enough to prevent them from being dispiaced or dangerousiy defiected by a person siip- 
ping or faiiing against them. 

Barriers and screens shaii be permanentiy fixed, and shaii be removabie oniy with toois. Barriers 
in pubiic areas shaii empioy non-removabie, captive fasteners. 

Barriers shaii be of soiid construction and fabricated from either conductive or non-conductive 
materiais. 

Non-conductive barriers shaii be surrounded by a grounded, bare conductor that is inter¬ 
connected with the traction system ground, preferabiy at not iess than two iocations. 

Conductive barriers shaii be bonded and grounded by inter-connection with the traction system 
ground, preferabiy at not iess than two iocations. 

Screens shaii be of grounded, conductive, open mesh materiais. Non-conductive mesh or pias- 
tic-coated metai mesh shaii not be used. 

Conductive mesh screens shaii be constructed such that a cyiinder, greater than y 2 in. (13 mm) in 
diameter, cannot be pushed through the mesh. Mesh screen construction shaii be such that re¬ 
quired ciearances to energized parts are maintained. 

The styie of barrier to be empioyed is dependent upon type of standing surface and its proximity 
to the energized parts, and whether the surface provides for pubiic or restricted access. 

The size of the barrier or screen shaii be such that energized parts cannot be touched in a 
straight iine by persons on a standing surface. 

Where there is pubiic access or trespass is iikeiy, anti-ciimbing protection shaii be provided at 
buiidings and other structures supporting energized parts of the OCS. The anti-ciimbing protec¬ 
tion shouid inciude signs warning of the dangers of high voltage. 

Access to fixed iadders, particuiariy at signai poies and signai gantries, and the means of access 
to any roof or other piace, which couid aiiow non-authorized persons to approach energized 
parts, shaii be secured or otherwise protected. 

The design of the protective screens and barriers shaii minimize the ioading on the existing struc¬ 
tures and the adverse visuai impact. 

The metaiiic part of the overhead bridge screening and barriers shaii be bonded to static wires. 
Aii other metaiiic items on the overhead bridge, within the iaterai range no iess than 10 ft. beyond 
any energized and un-insuiated equipment passing beiow the structure, shaii be directiy or indi- 
rectiy bonded to static wire. 
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